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Abstract 
This is the first report describing the parallel measurement of deuterium (δD), tritium (3H), and 
oxygen-18 (δ18O) in precipitation, seawater, surface and groundwater in relation to the Russian Far East. 
δD and δ18O demonstrate that the studied waters have a meteoric origin, and variations are the result of 
water-rock-gas interactions. All studied waters reveal obvious “latitudinal” and “continental” effects: 
there is a universal decrease in δ18О and δD from the south to the north, and from the ocean inland. The 
background level of 3H is 20 TU in Amursky region’s rivers, 13 TU in Primorsky region’s rivers, and 5.5 
TU in one of the Kuril Islands. The majority of studied groundwaters have short residence times.  
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1. Introduction 
Stable isotopes oxygen-18 and deuterium, and the radioactive isotope tritium are the principal natural 
tracers used to describe the water cycle since they are constituents of the water molecule. The δ18O and 
δD in waters originate with meteoric processes. Infiltration into sediments changes the isotopic signature 
of the groundwater as a result of rock–groundwater interaction. Tritium is the most attractive radioisotope 
to study the principles of water circulation in nature. The interest in its application for hydrogeological 
purposes was sparked during the period of thermonuclear tests (1953–1962), so the 3H-bomb has become 
a marker of water involved in water cycling. 
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There are data describing the content of stable and radiogenic isotopes of oxygen and hydrogen in 
natural water of Far East Russia [1, 2]. The goals of this study are to identify the forming conditions of 
various groundwater types of the area using isotopic parameters and to estimate the residence time of 
groundwater using tritium values.  
2. Sampling and analytical procedures. 
More than 120 samples of precipitation, seawater, surface water and groundwater have been collected 
across the Russian Far East (Fig.1) and analyzed for isotopic composition and geochemical characteristics 
during the last 7 years. Oxygen-18 and deuterium have been analyzed by mass spectrometry at the Far 
East Geological Institute of FEB RAS with analytical errors of ±0.2 and 0.8 ‰, respectively. Tritium has 
been measured at the Pacific Ocean Institute FEB RAS by counting β- decay in a liquid scintillation 
counter. The preliminary enrichment in two stages was carried out before the measurement. This allowed 
decreasing the detection limit to 0.03 TU. 
3. Results and discussion 
3.1. Deuterium and oxygen-18 in natural waters 
The results of seawater deuterium 
and oxygen characterizations are shown 
in Table 1. These data lie near the global 
meteoric water line (GMWL) that traces 
the isotopic compositions of natural 
waters originating from precipitation 
and not subject to surface evaporation 
[3, 4].  
Surface waters were sampled in the 
different rivers in various latitudes 
during different seasons. Insignificant 
seasonal isotope variations were 
observed. Rivers of the Sea of Japan 
catchment area (Rudnevka, Pinkanka, 
Petrovka, Sukhodol) are characterized 
by higher isotopic values. These high 
values are due to δ18О and δD input 
from atmospheric air mass formed above the sea. Rivers located in the continental part of the region 
shows more depleted isotopic signatures (Table 1). However, the amount of δD and δ18O in surface 
waters of the studied region is slightly shifted from the GMWL so there is 18O-depletion and deuterium 
enrichment in those waters. The seasonal fluctuations of δD and δ18O are characterized by minimum 
values during the spring and maximum values during summer and early autumn. All types of groundwater 
in the Russian Far East fall within a narrow range isotopic values (Table 2, Fig. 2). High pCO2 
groundwater has the most depleted isotopic signatures, while fresh groundwater and brine are enriched 
with δD and δ18O. The content of δD in groundwater is similar to surface water, while δ18О values are 
depleted in groundwater. Thermal water of the region lies close to the GMWL, indicating a meteoric 
origin. This type of groundwater demonstrates the “latitudinal” effect: the calculated depletion coefficient 
is 4.84‰ and 0.59‰ for each 1° of latitude for δD and δ18O, respectively. 
 
 
Fig. 1. Map of Russia with location of sampling points. 
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3.2. Tritium in natural waters 
Precipitation in the southern part of the Russian Far East is characterized by lower values of 3H (mean 
13 TU), which is close to the concentration of tritium in precipitation from the Eurasian part of Russia 
[4].  
Table 1. Natural water isotope composition of Far East of Russia, ‰, SMOW 
Sampling 
point 
Coordinates δ18О δD Sampling point Coordinates δ18О δD 
longitude latitude longitude latitude 
Sea waters Precipitation 
Amurskiy bay 131o43'58" 43o07'03" -1.7 -13.0 
South coastal area  
132o34'03" 42o50'47" -6.2 -49 
Ussuriyskiy 
bay 
132o7'18" 43o11'29" -1.7 -12.9 132°42'20" 42°53'10" -13.3 -96.4 
132°22'37" 43°12'57" -7.4 -50.2 North coastal area 136o39'50" 45o28'33" -8.3 -74.1 
Surface water (rivers) 
Never 124° 9'47" 53°58'58" -13.8 -106.2 Bira  134°20'41" 47°08'27" -13.3 -95.6 
Taldan  124°47'17" 53°43'35" -13.5 -99.5 Bikin 134°16'44" 46°46'23" -13.4 -96.2 
Olga  126°20'07" 53°17'31" -13 -97.2 Rudnevka  132o30'49" 42o54'56" -8.7 -59.5 
Amur  126°0'14 52°47'16" -14.1 -109.2 Pinkanka  132o22'52" 43o07'14" -9.4 -65.8 
Zeya  128°22'55" 51°26'58" -14.4 -106.5 Razdolnaya  131o53'36" 43o33'24" -11.6 -82.5 
Amur 135°03'11'' 48°28'14'' -13.2 -97.6 Zhuravlevka  134o07'00" 44o40'30" -13 -92.8 
Khor  134°56'50" 47°52'07" -13.6 -100.5 Kema 136o46'55" 45o39'16" -13.2 -96.9 
 
Fig. 2.  Plot of δD versus δ18O values of the Russian Far East 
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Tritium content in surface waters of the region varies from 4.7 TU to 29.3 TU (mean 13 TU) and 
correlates with 3H data in precipitation. The highest values of 3H were observed in surface waters, located 
in the continental part of the region: rivers Khajkta (Amursky region) and Punchi (Khabarovsky region). 
The lowest values were observed in rivers of the Kuril Islands. The 3H data also demonstrate the 
“continental” effect – the 3H concentration in rivers increases from the ocean side to the continent side. 
The highest 3H values were observed in rivers of the Khanka Lake basin (12.7–19.4TU), located in the 
central part of Primorsky region and the lowest 3H values were found in Lozovka River. The 3H 
concentration in groundwater varied from 0.07 – 23 TU with a mean of 4 TU (Table 2). The minimal 
values of tritium in high-pCO2 groundwaters of Nizhnie Luzhki and brackish waters of Rechitsa indicate 
either long residence time or the stationary effect established in those hydrogeological systems without 
outer influence (exploitation).  
Table 2. Isotopic composition of groundwater in far east of Russia. 






TU longitude latitude 
Central part of  Primorye  
Fresh  
-  -12.5 -92.0 12.3 
Eastern coastal area of  Primorye  -  -12.4 -77.0 - 
Southern coastal area of   132o01'35 43o23'08" -8.5 -66.7 12.1 
Goryachy spring 
Thermal  
133о53'57" 43o22'59" -12.6 -83.5 1.2 
Svyataya Elena spring 137о26'38" 45o54'52" -12.3 -99.2 3.1 
Sayon spring 137о46'06" 45o59'17" -12.0 -86.2 2.1 
Rechitsa  Brine 132о23'22" 43o13'07" -8.1 -67.9 0.1 
Razdolnenskoye  Saline 131о50'56" 43o31'15" -11.2 -88.0 12.8 
Nizhniye Luzhki spa 
High pCO2 
134о08'41" 43o36'06" -14.1 -103.0 0.2 
Shmakovka (Medvezhiy area) spa 133о27'46" 45o11'02" -12.5 -92.5 5.0 
Shmakovka (Vostochno-Ussuriyskiy area) 133о28'52" 45o10'04" -12.3 -91.0 2.0 
Mukhen spa, Na-HCO3 water 136о23'48" 48o19'50" -25.2 -69.0 6.0 
Mukhen spa, Ca-Mg-HCO3 water 136о23'49" 48o19'53" -14.2 -103.0 27.6 
Gonzhinskoye spa 125о23'08" 53o35'25" -15.0 -100.0 0.3 
4. Conclusions 
The studied groundwater is meteoric water and the shift from GMWL for some spas is the result of 
water-rock-gas interaction. The continental and the lateral zonal distributions of stable isotopes in this 
territory are observed. There is a universal increase in 3H concentration in surface water from the ocean 
inland. The mean content of tritium is 20 TU in rivers of Amursky region, 13 TU in rivers of Primorsky 
region and to 5.5 TU in those of the Kuril Islands. The majority of the groundwater, excluding brackish 
waters of Rechitsa outlet, has short residence time.  
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